We describe a holistic AAL concept for senior residences that is based on a large-area sensor floor. This system provides general home-automation functions such as light control, intrusion alarm and energy saving. However, advanced homecare features such as activity monitoring, fall detection and the discovery of changes in daily routines assist the resident and support the carer. After explaining the components and general working principle of the system, we describe how these applications are realized in practice. The focus lays on the unobtrusiveness, flexibility and multifunctionality of the solution.
Introduction
The demographic change and continued success in extending the lifetime will lead to many more people reaching older ages than ever. Having the possibility to live as long as possible in a safe and comfortable home will be a gain for the individual and a profit for the social security systems. Therefore, providing technology in the sense of Ambient Assisted Living will be of mutual benefit. In any case, the AAL systems should be unobtrusive, easy to use and reliable. The SensFloor ® system we describe here, meets these requirements: it offers many functions for classical home automation and security while simultaneously supporting carers in reducing their workload and optimizing their daily routines. All of these functions are realized by a sensor surface invisibly integrated into a room's floor. No active interaction or maintenance is required from the user. This ambient nature of a system, which is experienced rather as a part of an intelligent environment than as a classical assistance device, creates a new level of support and protection. In particular in homecare, it is of crucial importance that design and looks of the living space a resident is used to, does not have to be adapted to the assistance system. For the sensor floor, this is respected by its compatibility with any sort of residential floor coverings. Whereas the living space should remain familiar, the required functionalities may change over time: while healthy residents may put the focus on functions like energy saving, light control and intrusion alarm, frail persons require assistive features such as fall detection or inactivity alarms. With the latter features, in particular the carers are supported be it professional services or family members. For this group, the SensFloor offers also higher level functions such as the longterm analysis of the behavioural routines of elderly residents. Variations within the sequence or chronology of these routines often indicate a change of the health status of the residents as aging diseases influence measurable behaviours like sleeping times, activity during the night and day, as well as movement frequency and walking speed or gait patterns. These unique functions are only possible based on a sensor system with high spatial and temporal resolution as we will show in the following sections.
The SensFloor System
The SensFloor ® system (see figure 1 ) is based on a large-area capacitive proximity sensor underlay [1] . It is installable beneath all kinds of flooring including non-elastic floors like laminate, parquet or even tiles. Persons walking on the floor produce signals, which are sent wirelessly to a transceiver. A person lying on the floor triggers a fall alarm. The transceiver evaluates the events and controls the home automation system or sends an alarm in case of a detected emergency. The sensor floor is invisible and more privacy-protecting compared to camera systems [2] .
In Figure 2 the floor plan of the VITA D'ORO sample house in a senior residence in Bad Griesbach, Germany, is depicted and the integrated features are listed in the figure caption. There is a wide range of home automation functions derived from the detected presence of persons, their speed and direction of movement. The sensor floor controls lights and supports energy conservation scenarios by recognizing the number of people in the room. Even the control of an automatic door is more efficient as not only the presence but also the movement trajectory is taken into account. Any part of the floor can be associated independently to one or more functions. This way, the inner areas in front of windows can be dedicated to an intrusion alarm, for instance. Likewise, when a frail resident gets up at night and steps into the section in front of the bed a carer in another bedroom is called for assistance by means of an automatic acoustical signal. Like the automatic activation of an orientation light, this feature helps to prevent falls. In the case of a fall, which is automatically detected by the sensor floor, help is called either internally or remotely by connecting the SensFloor transceiver to a care service station over the internet. The sensor floor can also detect, when people remain inactive for a long period. This is the case, for instance, when residents have entered the bathroom and do not return after a predefined time. Alzheimer patients often show a tendency of increased straying and high disorientation. If they are departing from home alone, they may get lost easily. SensFloor is able to inform the carer instantly, when the person is leaving the house.
Long-Term Activity Monitoring
Taking this idea further, having access to detailed data about the movement behaviour in a home scenario allows for an evaluation of the health status of a person. Deviations from the daily routines of elderly people, for instance, often indicate a change of their health condition, which may give rise to an adaption in medication or intensified assistance [2] .
In Figure 3 , two different apartments in a nursing home are depicted. The panel above the floor plans show the activity on the sensor floor over the day. The marked time slots depict the actual trajectories the person has taken during this time. In the upper example the resident shows severe sleeping disorders. He is using the toilet nearly every hour throughout the night. The second example is the behaviour of an Alzheimer patient, showing the typical agitated straying behaviour during his waking hours. The sensor activity over the night is due to nurse's visits. The sleeping time for the patient is approximately 11 hours. Which is a strong indication for the doctor, that the dose of his Neuroleptica can be reduced. Depending on whether the authorized carer is living in the same building or not, the current status, events, alarm messages and recorded activity data can be displayed either on a central terminal or on any mobile device connected over secure VPN to the transceiver's webserver. This way, relatives can obtain information about the wellbeing of the resident at any time even from remote places.
Conclusion and Outlook
We have described a multifunctional sensor system for the domain of healthcare and security. The described features characterize it as an ideal example for Ambient Assited Living systems, which offer a technological solution for many challenges that the demographic change brings about. While the currently existing system already meets the requirements of carers and residents, future developments will extend the possibilities even further. The implementation of Artificial Intelligence (AI) methods and Deep Learning will provide means to evaluate the health status of a person automatically from SensFloor data.
Labelled data sets will be used to train an Artificial Neural Network to perform classification and parameter extraction from SensFloor data in real time. If this process can be automated, the system can continuously adapt to an individual resident and extract and provide information about the health status autonomously.
